Characterization of the glutathione binding site of aldose reductase.
Despite extensive investigations, the physiological role of the polyol pathway enzyme-aldose reductase (AR) remains obscure. While the enzyme reduces glucose in vivo and in vitro, kinetic and structural studies indicate inefficient carbohydrate binding to the active site of the enzyme. The active site is lined by hydrophobic residues and appears more compatible with the binding of medium- to long-chain aliphatic aldehydes or hydrophobic aromatic aldehydes. In addition, our recent studies show that glutathione (GS) conjugates are also reduced efficiently by the enzyme. For instance, the GS conjugate of acrolein is reduced with a catalytic efficiency 1000-fold higher than the parent aldehyde, indicating specific recognition of glutathione by the active site residues of AR. An increase in the catalytic efficiency upon glutathiolation was also observed with trans-2-nonenal, trans-2-hexenal and trans, trans-2,4-decadienal, establishing that enhancement of catalytic efficiency was specifically due to the glutathione backbone and not specific to the aldehyde. Structure-activity relationships with substitution or deletion of amino acids of GSH indicated specific interactions of the active site with gamma-Glu1 and Cys of GSH. Molecular modeling revealed that the glutathione-propanal conjugate could bind in two distinct orientations. In orientation 1, gamma-Glu1 of the conjugate interacts with Trp20, Lys21 and Val47, and Gly3 interacts with Ser302 and Leu301, whereas in orientation 2, the molecule is inverted with gamma-Glu1 interacting with Ser302, and Leu301. Taken together, these data suggest that glutathiolation of aldehydes enhances their compatibility with the AR active site, which may be of physiological significance in detoxification of endogenous and xenobiotic aldehydes.